Background The effects of wine and other alcoholic beverages on coronary heart disease (CHD) have seldom been studied in several countries using a common methodology. Design Five-year prospective study conducted among 9750 men (7352 in France and 2398 in Northern Ireland) free of CHD at entry. Outcomes were angina pectoris, myocardial infarction or CHD death. Results In all, 90% of subjects in France reported drinking at least once per week, versus 61% in Northern Ireland. In France, after adjusting for other CHD risk factors, subjects in the highest quartile of alcohol consumption had a significantly lower risk of developing angina pectoris relative to non-drinkers. For myocardial infarction and all CHD events, the risk also decreased from the first to the fourth quartile (P for trend = 0.02). Conversely, in Northern Ireland, no significant relationship was found between alcohol consumption and the incidence of angina pectoris or all CHD events, although alcohol consumption appeared to decrease the risk for myocardial infarction. Similar findings were obtained when the 5% higher alcohol consumers were excluded from the analysis. Finally, splitting the alcohol consumption into wine, beer and spirits did not improve the relationships, the three types of beverage exerting comparable effects on CHD events. Conclusions Alcohol consumption patterns exert differential effects on CHD risk in middle-aged men from France and Northern Ireland. Further, the amount of alcohol consumption, rather than the type of alcoholic beverage, is related to both angina pectoris and myocardial infarction in France, whereas no relationship was found in Northern Ireland. Eur J Cardiovasc Prev Rehabil 11:336-343
Introduction
Coronary heart disease (CHD) is one of the main causes of premature death in industrialized countries [1] , and its prevalence has been increasing in developing countries [2, 3] . Moderate alcohol consumption has been shown to be inversely related to the incidence of coronary artery disease [4] [5] [6] [7] [8] [9] , but whether the protective effect of wine is superior to that of other alcoholic beverages remains arguable [6, [10] [11] [12] [13] [14] . Furthermore, although the impact of alcohol intake on myocardial infarction (MI) or coronary death has been thoroughly studied, little is known about its effect on angina pectoris. Due to its specific characteristics, the PRIME study (Prospective Epidemiological Study of Myocardial Infarction) enables the assessment of the impact of alcohol consumption and the different types of alcoholic beverages on the incidence of angina pectoris, MI and CHD death in middle-aged, healthy men living in France and Northern Ireland, two countries with contrasting rates of coronary heart disease and patterns of alcoholic beverage consumption [15] .
Patients and methods

Population sampling
The PRIME study was established in 1991 in the populations of four collaborating WHO-MONICA centres in Belfast (UK), Lille, Strasbourg and Toulouse (France) [16] . The target was to recruit 2500 men, aged 50-59 years, in each centre and to follow them for a minimum of 5 years.
Personal and medical history
Self-administered questionnaires relating to demographic, socio-economic factors and diet were completed at home by the participants and checked by an interviewer at the clinic. Data on level of education, occupational activity, personal and family history, tobacco consumption, drug intake and physical activity were collected. Diabetic treatment was recorded for dietary and drug therapy, whereas only drug therapy for hyperlipidaemia and hypertension was considered. Vigorous exercise was defined as a hard physical (sports) activity (leading to sweating, increased heart rate) over a minimum of 20 min, at least once per week.
Subjects were considered free of CHD at entry if no criterion among the following three was met: (a) reported MI and/or angina pectoris diagnosed by a physician; (b) electrocardiographic evidence of MI, defined as major or moderate Q waves on Minnesota coding [17] ; and (c) a positive answer to the Rose Chest Pain questionnaire [17] .
Clinical data
Blood pressure was measured once at the end of the examination after a 5-min rest in the sitting position. Measurements were performed with an automatic device (Spengler SP9), which also recorded heart rate. A standard cuff size was used, but a large cuff was available when necessary. At least three measuring devices were available at any time in each centre and all three were used equally. In order to avoid systematic differences between centres, the devices were circulated among them. The devices were also recalibrated every 3 months at the Co-ordinating Centre in Paris.
Alcohol consumption
Alcohol consumption was assessed by a validated questionnaire that recorded the subjects mean consumption (in units) of wine, beer, cider and spirits for each day of the week [18, 19] . Intake of alcohol (expressed in ml of pure ethanol/week) was estimated from the average number of millilitres of ethanol in one unit of each type of alcoholic beverage: wine (10 or 12% alcohol vol/ vol) = 12 cl serving; beer (5% alcohol) = 12 cl serving; beer (6 or 8% alcohol) = 25 or 33 cl serving; cider (5% alcohol) = 12 cl serving; spirits (20 or 40% alcohol) = 2 or 6 cl serving. Subjects were considered as former drinkers if they reported no current alcohol consumption but indicated they had consumed alcohol (for any period of time).
Blood sampling and assay procedures
Venous blood was collected into siliconized vacutainer tubes (Vacutainer; Becton Dickinson) containing EDTA. Plasma total cholesterol and triglyceride levels were measured by enzymatic methods using reagents from Boerhinger Mannheim (Mannheim, Germany).
Follow-up
Subjects were contacted annually by letter and a clinical event questionnaire was completed. For all subjects reporting a possible clinical event, clinical information was sought directly from hospital or general practitioner notes. All details of electrocardiograms (ECGs), hospital admissions, enzymes, surgical interventions, angioplasties, treatment, etc., were collected and classified according to MONICA criteria [20] . Death certificates were searched for supporting clinical and post-mortem evidence of cause of death. A medical committee was established, comprising members of each PRIME centre and three independent cardiologists (two from France and one from the UK).
Myocardial infarction was defined by one of the following sets of conditions: (a) new Q wave or other new typical aspect of necrosis at ECG; (b) typical or atypical symptoms and new (or increased) ischaemia at ECG and myocardial enzymes greater than twice the upper normal limit; and (c) post-mortem evidence of fresh MI or thrombosis.
Coronary death was defined by death with a definite or probable coronary cause or sudden death. Definite coronary death was defined as death with a documented event. Possible coronary death was defined as suspected coronary death with no other documentation or another explanation. Sudden death was defined as death occurring within 1 h following symptoms without explanation. 'Hard' CHD cases were defined as coronary deaths or non-fatal MI.
Angina pectoris was defined by the presence of resting or stress chest pain and at least one of the following criteria: (a) angiographic stenosis over 50%; or (b) a positive scintigraphy (if no angiographic data); or (c) positive exercise stress test (if no angiographic or scintigraphic data); or (d) ECG changes at rest (if no angiographic, scintigraphic or exercise stress test data), but without all criteria for MI and no evidence for a non-coronary cause in the clinical history. Unstable angina was defined as a crescendo pain (change in frequency or severity of stress chest pain or appearance of rest chest pain to pre-existing stress pain) or rest pain with either enzyme changes or ECG changes. Total CHD events were defined as all subjects with at least one diagnosis of non-fatal MI or angina pectoris, or CHD death.
Statistical analysis
Of the initial 10 600 subjects, 842 were excluded due to a history of CHD, and of the remaining 9758, eight were excluded due to missing data. Statistical analysis was conducted using SAS (SAS Institute, Cary, North Carolina, USA) software. Myocardial infarction was counted only once, whether or not preceded by angina events. Conversely, angina events were counted once but only when they were not preceded by myocardial infarction. The impact of total alcohol consumption and according to the type of beverage on the 5-year incidence of CHD events was assessed by multivariate logistic regression. For hypertension, adjustment was performed on presence of any anti-hypertensive drug treatment (dichotomous variable: Yes/No) and on blood pressure levels (systolic and diastolic, as continuous variables). A similar procedure was made for hyperlipidaemia: presence of any hypolipidaemic drug treatment (also dichotomous variable) and on cholesterol and triglycerides (as natural logarithm). For France, an adjustment on study centre was also performed. In the last models, the effect of alcohol intake coming respectively from wine, beer and spirits on the relative risks was supposed to be multiplicative without interaction. Results were expressed as mean ± standard deviation (SD), as percentages and (number of subjects) or as adjusted relative risks and (95% confidence interval).
Results
Clinical characteristics of subjects
Overall, 9750 subjects were included in the analysis: 7352 in France and 2398 in Northern Ireland. Their clinical characteristics according to alcohol consumption are summarized in Tables 1a for France and 1b for  Northern Ireland. In France, over 90% of subjects reported drinking. Subjects in the highest quartile of alcohol consumption had significantly higher body mass index (BMI), nondrinkers reported diabetes more frequently, were less frequently married, and had less vigorous exercise than the other groups. Also, the increase in alcohol consumption was associated with an increase in the prevalence of smoking, hyperlipidaemia, higher blood pressure levels, higher total and high-density lipoprotein (HDL) cholesterol, and higher triglyceride levels (Table 1a ).
In Northern Ireland, 39% of subjects were non-drinkers. Subjects in the higher quartile of alcohol consumption were less frequently married and had less vigorous exercise than the other groups. As in France, the increase in alcohol consumption was associated with an increase in the prevalence of smoking, hyperlipidaemia, higher blood pressure levels, higher HDL cholesterol, and higher triglyceride levels (Table 1b) . Higher alcohol consumption was also associated with lower educational level, whereas the higher total cholesterol was observed only after excluding the highest 5% of the alcohol consumption levels (Table 1b) .
Effect of alcohol consumption on the incidence of CHD
During follow-up there were 106 coronary deaths or MI and 94 angina pectoris events in France; the corresponding figures for Northern Ireland were 61 and 60; finally, the number of subjects who presented with a CHD event (angina pectoris, myocardial infarction, or coronary death) was 197 (2.7%) in France and 121 (5%) in Northern Ireland.
In France, subjects in the higher quartile of alcohol consumption had a significant lower risk of developing angina pectoris relative to non-drinkers, and this difference remained significant after adjusting for other cardiovascular risk factors (Table 2) . For myocardial infarction, the risk decreased from the first to the fourth quartile (P for trend = 0.02, alcohol treated as a continuous variable, non-drinkers included) and remained significant after multivariate adjustment (drinkers versus non-drinkers, P = 0.001). When all CHD events were pooled, alcohol consumption was associated with a decreased risk (drinkers versus non-drinkers: P = 0.01), the third and fourth quartiles having the lowest risk (P for trend = 0.005) ( Table 2) . Those findings were further confirmed when total cholesterol and triglycerides were replaced by low-density lipoprotein (LDL) cholesterol and the relationships even strengthened when the top 5% of alcohol distribution was excluded from the analysis (not shown). Finally, no significant differences were found regarding the effect of centre (not shown).
In Northern Ireland, no significant relationship was found between alcohol consumption and the incidence of angina pectoris or all CHD events, although alcohol consumption appeared to decrease the risk for MI ( Table 2 ). Similar findings were obtained when the 5% highest alcohol consumers were excluded from the analysis or when total cholesterol and triglycerides were replaced by LDL cholesterol in the multivariate model (not shown).
Since abstainers reported more frequently being on sick leave or possible alcohol-related diseases (all types of digestive cancer, liver illness and gastric illness), a further analysis was performed after excluding those subjects (Table 3 ). Similar findings were obtained when the data was analysed using a proportional hazards regression (not shown). No significant changes were noted relative to Table 2 , and similar findings were obtained after further adjustment on any other type of disease (not shown).
Effect of the type of alcoholic beverage on the incidence of CHD
The effect of the type of alcoholic beverage on the incidence of CHD events was quantitatively assessed and the effect of one unit of beverage per day was reported. Table 4 provides the results from two different analyses conducted separately for each country: one using total alcohol (last column), another separating total alcohol into wine, beer and spirits (first columns). In France, the effect of wine, beer and spirits on CHD was relatively constant (Table 4) , and splitting total alcohol consumption into wine, beer or spirits did not improve the model (likelihood chi-square with two degrees of freedom = 0.96, 4.88 and 1.61 for angina pectoris, MI and all CHD events, respectively, all non-significant). Also, in Northern Ireland, no significant effect of the type of alcoholic beverage was found for angina pectoris and myocardial infarction, although low relative risks were observed for wine consumption, which became statistically significant for prediction of all CHD events (Table  4 ). Finally, since former drinkers could bias the abstainer's group, subjects on sick leave or with possible alcohol-related diseases were excluded from the analysis, and no significant modifications of the relative risks were found (not shown).
Discussion
Few studies have focused on the effect of alcoholic beverages on the incidence of angina pectoris [21, 22] .
Also, little is known regarding the effect of alcoholic beverages on CHD events in France [23] . Due to its specific characteristics, the PRIME study enabled the assessment of the impact of alcohol consumption and the different types of alcoholic beverages on the incidence of angina pectoris, MI and CHD death in France and Northern Ireland, two countries with contrasting rates of coronary heart disease and patterns of alcoholic beverage consumption [15] . We decided to analyse the effects of alcohol consumption separately for France and Northern Ireland, because the drinking pattern as well as the relative amounts of each type of alcoholic beverage consumed differed greatly between the two countries: alcohol consumption was evenly distributed throughout the week with only a slight increase at weekends in France, whereas Fridays and Saturdays accounted for twothirds of total alcohol consumption in Northern Ireland [15] ; also, wine was the predominant alcoholic beverage in France, whereas beer was the predominant beverage in Northern Ireland. Since the metabolic effects of alcohol can differ according to the pattern of intake [24] , pooling the data from the two countries was considered inappropriate, as some of the effects attributed to alcohol consumption might in fact, be due to differences in patterns of intake between the two countries. Results from two different analyses conducted separately for each country: one using total alcohol (last column), another separating total alcohol into wine, beer and spirits (first columns). Results are expressed as relative risks (95% confidence interval) for one beverage unit (15 ml alcohol) per day adjusted for age, marital status (two groups), educational level (four groups), vigorous exercise, body mass index, systolic blood pressure, diastolic blood pressure, total cholesterol, triglycerides (Ln), smoking status (three groups), anti-hypertensive drug treatment and hypolipidaemic drug treatment. For France, a further adjustment on centre was performed.
In both countries, alcohol consumption was significantly related to an increase in blood pressure level, total and HDL cholesterol, and triglycerides. Those findings are in agreement with previously published data [25, 26] . Thus, multivariate adjustment on those cardiovascular risk factors had to be performed in order to adequately assess the effects of alcoholic beverage consumption on CHD [27] . However, it has been claimed that most of the protective effect of alcohol consumption on cardiovascular disease is due to an increase in HDL cholesterol levels [28, 29] . Consequently, in this study, we chose not to adjust on HDL cholesterol level, since it might have led to an over-adjustment. Still, even after adjusting for HDL cholesterol, alcohol consumption retained its protective effect in France, whereas no differences were found in Northern Ireland (not shown).
In France, after multivariate adjustment, alcohol consumption was significantly and inversely related to the incidence of angina pectoris and myocardial infarction. These findings thus confirm those from other studies [21, 22] where alcohol consumption was associated with a decrease in risk of both angina pectoris and myocardial infarction. However, the effect of alcohol consumption on MI risk seemed stronger than for angina pectoris; our data thus suggest that there may be some differential effect of alcohol consumption on the mechanisms of the two types of clinical complications. Indeed, angina pectoris has been related mainly to atherosclerotic disease, whereas MI has been related both to atherosclerosis and thrombosis. Since alcohol consumption, apart from its effects on HDL cholesterol level, also favourably influences fibrinogen and platelet aggregation [10, 30] , it is likely that the impact of regular alcohol consumption is more pronounced on MI than on angina pectoris.
The relative risk for MI decreased with increasing alcohol consumption without any evidence of a threshold. Our findings replicate those of other studies [21, 31] . Although no clear mechanism can be offered for such a finding, it could be speculated that the increase in HDL cholesterol levels, as well as the decrease in fibrinogen and platelet aggregation induced by alcohol consumption, might counterbalance the deleterious effects of the increase in smoking, triglyceride and blood pressure levels by alcohol intake within the range of alcohol consumption in this sample. Other possible explanations might be the relatively short follow-up period (5 years), which prevented the appearance of deleterious effects in the highest consumption groups or the small number of subjects reporting very high alcohol consumption.
Several hypotheses can be provided regarding the lack of relationship between total alcohol consumption and CHD events in Northern Ireland. First, the prevalence of drinkers was low, which led to a small number of events among drinkers. Also, as stated previously, the drinking pattern in Northern Ireland is different from that in France [15] . Since the effects of binge drinking appear to be more deleterious than those of continuous drinking [32, 33] , it is likely that the protection conferred by a given amount of alcohol is greater if alcoholic beverages are consumed on a moderate but regular basis rather than in larger amounts over a short period of time. Further, we have shown that Northern Irish drinkers have higher blood pressure on Monday, which decreases until Thursday, whereas blood pressure levels are constant throughout the week for French drinkers [34] ; thus, it is tempting to speculate that the rebound blood pressure changes after weekend drinking in Northern Ireland might negate the protective effect of alcohol consumption seen in France. Another possible hypothesis might be related to the small number of cases in Northern Ireland. Finally, as stated previously, since alcohol drinking is tightly related to the socio-cultural characteristics of the populations studied, it is probable that even after multivariate adjustment the specific effect of alcohol on CHD events cannot be established.
In this study, it was not possible to analyse separately beer and wine drinkers since in France 90% of beer drinkers also drank wine, and in Northern Ireland only a very small number of subjects (n = 94) drank wine exclusively. Thus, the effects of the different types of alcoholic beverages were estimated using a quantitative model without interaction. In this model, no significant differences were found between wine, beer and spirits on the incidence of CHD events in France, with only a possible protective effect of wine in Northern Ireland. Those findings are in agreement with other studies [6, 14, 35] , indicating that it is alcohol, rather than the type of alcoholic beverage, which mostly influence CHD events. Indeed, the stronger effect of wine relative to the other alcoholic beverages reported by several studies [10] [11] [12] 36] , might in fact be due to specific social and clinical characteristics of the subjects who consume wine.
Finally, due to the relatively small number of cases, it is possible that our study did not have sufficient power to discriminate meaningful differences between types of alcoholic beverages.
In this study, the multivariate analysis was conducted using logistic regression. Since there were very few subjects lost to follow-up, virtually all subjects (except those who died or presented with a CHD) completed the 5-year study, and in this case, analysing the data with logistic regression or a proportional hazards (Cox) model leads to very similar results [37] . With a proportional hazards analysis, the results were almost identical to those of the logistic regression (not shown).
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Former drinkers represented the vast majority of the abstainers group (68% in France and 46% in Northern Ireland), and excluding them from the analysis did not change the results in Northern Ireland and even strengthened the inverse relationship between alcohol consumption and CHD in France. Still, our findings indicate that both in France and Northern Ireland most current abstainers can be considered as former drinkers, and that it is quite unlikely that such a large number of subjects quitted drinking because of alcohol-related illnesses. Indeed, the prevalence of alcohol-related diseases (as defined previously) was comparable between former drinkers and real abstainers in both countries (not shown).
Finally, although increased alcohol consumption was associated with a decreased risk of MI in our study, potential hazards associated with heavy drinking complicate any policy recommendation that lifelong teetotallers start drinking or that moderate drinkers increase their consumption. Indeed, after multivariate adjustment and excluding subjects on sick leave, subjects in the highest quintile of alcohol consumption had a significantly higher risk for overall and non-CHD mortality in Northern Ireland than abstainers [RR = 2.39, 95% CI (1.13-5.06) and RR = 4.26 (1.77-10.21) for total and non-CHD mortality, respectively, both P < 0.05] but not in France [RR = 0.85 (0.40-1.77) and RR = 0.99 (0.42-2.11) for total and non-CHD mortality, respectively, both nonsignificant]. Hence, in terms of preventing CHD and regarding overall mortality, we recommend that teetotallers do not start drinking, and that moderate drinkers continue to drink moderately.
In summary, our data indicate that alcohol consumption patterns (as observed in France and Northern Ireland) exert differential effects on CHD risk in middle-aged men from France and Northern Ireland. Further, the amount of alcohol consumption, rather than the type of alcoholic beverage, is related to both angina pectoris and myocardial infarction in France, whereas no similar relationship was found in Northern Ireland.
